Introduction
Double diffusive natural convection in porous enclosures is relevant to a wide range of industrial processes or environmental situations such as oceanography, astrophysics, geology, biology, chemical vapor transformation processes, solar power collectors, furnaces, building heating and cooling systems, heat exchangers, underground disposal of radioactive waste materials, storage of foodstuff, exothermic chemical reactions in packed-bed reactor, crystal growth techniques, such as semiconductors crystal growth and alloys solidifications, where temperature and concentration differences are combined [1] [2] [3] [4] . Furthermore, porous medium saturated with an electrically conducting fluid under a magnetic field has been the subject of numerous recent studies owing to the implication of the phenomenon in many engineering applications including cooling of electronic equipment, geothermal reservoir, solar energy collection and crystal growth in liquids, metallurgical applications involving continuous casting and solidification of metal alloys and others [5, 6] . The double diffusive natural convection carried out in a two dimensional cavity filled with a binary fluid and subjected to horizontal temperature and concentration gradients with cooperating volume forces has been analyzed by Gobin and Bennacer [7] . They have found that for a high value of Lewis number, the thermal transfer rate decreases as the buoyancy ratio increases. Numerical and a scale analysis were used to characterize the effect of the permeability ratio and the different governing parameters on the heat and mass transfer in bi-layered porous cavity. The results were presented in terms of streamlines, isotherms, isoconcentrations lines and for the average Nusselt and Sherwood numbers analyzed by Hadidi et al. [8, 9] . Recently, the natural convection induced by different wall boundary conditions in vertical and horizontal porous cavities filled with a binary fluid using the Dupuit-Darcy model has been studied analytically and numerically have been analyzed by Rebhi et al. [10, 11] , characterizing the transition from a convective steady state to oscillatory state. Corcione et al. [12] investigated numerically a double-diffusive natural convection in a vertical square enclosures induced by opposite horizontal temperature and concentration gradients. It was found that both heat and mass transfer increases as the thermal Rayleigh and Prandtl numbers were increased. Similarly, many researchers have investigated the effect of the presence of a magnetic field on double diffusive convection within square or rectangular cavities; we can mention here some studies as an example. Pirmohammadi and Ghassemi [13] investigated numerically the effect of a magnetic field on the laminar natural convection flows in a tilted enclosure filled with gallium liquid, which heated from below and cooled from the top while other walls were adiabatic. Sivasankaran and Bhuvaneswari [14] analyzed the effect of the magnetic field and aspect ratio on convective flow and heat transfer in a rectangular enclosure with partially thermally active vertical walls. Nine different relative positions of the thermally active zones are considered. The authors found that the flow field is altered when changing the direction of the magnetic field in the presence of strong magnetic field and the average Nusselt number decreases with an increase of the Hartmann number and increases with increase of the Grashof number and aspect ratio. Sarris et al. [15] presented a numerical study of unsteady two-dimensional natural convection in a laterally and volumetrically heated square cavity, filled with a liquid-metal under the influence of a magnetic field. The authors found that in the presence of a magnetic field, the flow dynamics as well as the rate of heat and mass transfer were considerably affected. Costa et al. [16] reported a numerical study of the effects of a magnetic field upon natural convection of electrically conducting fluids contained in differentially heated square enclosures filled with fluid-saturated porous media. The Darcy flow model was used for this investigation to describe the fluid flow inside the fluid-saturated porous media. Grosan et al. [17] presented a numerical investigation of the steady magneto-hydrodynamics free convection in a rectangular cavity filled with a fluid-saturated porous medium and with internal heat generation where an inclined uniform magnetic field was externally imposed. Revnic et al. [18] investigated numerically the effects of an inclined magnetic field and heat generation on unsteady free convection within a square cavity filled with a fluid-saturated porous medium. The Darcy model was used for the mathematical formulation of the fluid flow into porous media. The finite volume method has been used to solve the governing equations for heat and mass transfer.
To our knowledge, the uniform and tilted magnetic field and the inertial parameter effects on double diffusive convection across an inclined square porous cavity saturated by an electrically conducting binary mixture, with the use of Dupuit-Darcy flow model, has not been addressed and most of studies only deal with either the magnetic field effect or the inertia effect most studies on natural convection in porous medium for different configurations with the use of Darcy or Brinkmanextended Darcy's model. Since the emersion of the Dupuit-Darcy law, a significant progress was made in designing high performance thermal systems where thermal convection is encountered. Therefore, the purpose of the present work is to investigate the double diffusive natural convection in an inclined porous a square cavity saturated with an electrically conducting binary mixture, in the presence of a constant tilted magnetic field and the Dupuit-Darcy model is used. The complete system of governing equations is solved numerically using the finite difference method. The main objective of the present investigation focuses on the examination of the combined effects of a uniform tilted magnetic field and inertia on double diffusive natural convection, the fluid flow intensity, the heat and mass transfer for a wide range of the governing parameters.
Mathematical formulation of the problem
The physical configuration considered in this study is a square porous layer shown in Fig. 1 . The upper and bottom active walls are exposed to a constant and uniform temperatures and concentrations respectively, while the lateral active walls are impermeable and adiabatic. The enclosure is filled with homogeneous porous medium saturated by Newtonian and electrically conducting fluid which is permeated by a uniform magnetic field ⃗ 0 with magnitude proportional to at an inclined angle, , from the horizontal plane. Both the viscous dissipation and magnetic dissipation are assumed to be negligible.
Figure 1. The physical model and coordinate system
The governing equations that describe the convective behavior of the system are conservation of the mass, momentum, energy and species, stated as flows using the conservative form assuming incompressible flow:
where ′, ′, ′, g, , , , and̃, stand for the velocity components of velocity ′ ⃗⃗⃗ in ′ and ′ directions, pressure, gravitational acceleration, dynamic viscosity, thermal conductivity of the saturated porous medium, mass diffusivity of species through the fluid saturated porous medium, medium permeability and material parameter. To illustrate how the additional nonlinear term comes into play when the porosity is high, we may quote Ergun's [19] relations for and ̃a re given by: = 2 3 /150(1 − ) 2 and ̃= 1.75 2 /150(1 − )in which denotes porosity and is the characteristic pore or particle diameter. To reduce the number of unknowns, a stream-function, ′, is introduced such that the continuity equation is satisfied by the following relationships:
The following dimensionless variables (primed quantities are dimensional) are used:
The dimensionless governing equations in terms of stream-function, temperature and concentration are then given first by the Dupuit-Darcy law for motion:
The energy conservation equation as:
and then by the mass conservation equation as: 
Where T  and are the dimensionless temperature and concentration.The setting in no dimensional from of the governing equations gave rise to a group of dimensionless parameters, namely the thermal Rayleigh number, , the parameter that measures the inertial effects, , the Hartmann number, , the Lewis number, , the buoyancy ratio, , and the normalized porosity, , defined as:
Numerical method
The solution of the governing eqs. (8)- (10) is obtained using a finite difference method with uniform grid size. The energy and species, eqs. (9) and (10) 
Results and discussion
The purpose of the present study is to analyze the magnetic field and the inertial effects on the convective flow, the heat and mass transfer rates. In this section, both the flow structure and the heat transfer versus the controlling parameters will be analyzed and discussed. Initially in this section we presented the numerical results obtained for = 0.1 and 0 = 0.266 for = 10, the isotherms and isoconcentrationlines which are less distorted indicating that the heat and mass transfer tends to be diffusive. Consequently, as it can be observed from Fig. 2(b) , both the temperature and the concentration gradients are considerably inhibited with an increase of , tend to have parallel constant temperature and concentration lines, at which: = 3.240 and ℎ = 7.384 for = 0.1 and = 1.007 and ℎ = 1.170 for = 10.
The effects of the magnetic field on double-diffusive convection within a square cavity are illustrated in Figs. 3(a) and (b) for = 0and = 10 in the absence and presence of magnetic field.
For this value, the resulting convection is relatively pronounced, as indicated by the value of 0 = 6.216and the more distortion of the temperature and concentration fields, = 3.688 and ℎ = 9.820. The retarding effect of the magnetic field is demonstrated in Fig.3 (b) for = 10. The result indicate that,for the set of governing parameters considered for this case, the convective circulation is progressively inhibited as the value of increased.For high value of Hartmann number( = 10), the convective motion within the cavity is a almost completely damped, 0 = 0.560, by the magnetic field. As a result of the heat and mass transfer rates, = 1.074 and ℎ = 2.071, are almost purely conductive. Fig. 11 (a). When is above zero, the thermal and solutal buoyancy forces act in the same direction and the anticlockwise convective flow ( 0 > 0) is considered to be aided. Fig. 10(a) indicates that the flow behaviour depends considerably upon whether the buoyancy ratio is below or above the critical buoyancy ratio, = −1, for this value = −1 the thermal effects are still predominant such that, 0 , is positive (zero) provided that, = . When is below zero, the thermal and solutal buoyancy forces are now opposing each other. For low negative values of the flow is again dominated by the mass species i.e. (solutally dominated) the flow circulation is now clockwise) ( 0 < 0), see the streamlines in Fig. 11(b) . It is interesting to observe from these figures the existence of minimum values in both average Nusselt and Sherwood numbers for a buoyancy ratio of about = −1. The values of flow intensity, 0 , and ℎ tend to increase with increasing the absolute values of buoyancy ratio for all the values that we studied. It is observed that both the strength of fluid circulation, the average Nusselt and Sherwood numbers decrease with an increase in the inertial effects parameter. The magnetic effect, , on the 0 , and ℎ for versus buoyancy force, , is depicted in Fig. 12 , which seem similarly to the effect of the inertial parameter on the 0 , and ℎ for versus buoyancy force, . recorded between the two inclinations, = 0° and 90°.In addition, this trend demonstrates the robustness of the numerical method to take into account the orientation of the magnetic field, which is the reason why the study has been restricted to orientations of the prime quadrant. 
Conclusion
The present study showed that the convective motion and the heat and mass transfer rates were rather very sensitive to the inertial and magnetic field parameters. It is found that, for a set of governing parameters, , , Φ, and , the strength of the circulation ( 0 ), the resulting heat transfer ( ) and mass transfer ( ℎ ) decrease with an increase in the inertial effects and the magnetic field parameters. In fact, for ≫ 1( ≫ 1), the rest state is eventually reached, for which the heat and mass transfer were ruled mostly by conduction (i.e., 0 = 0and ( ℎ ) = 1). The orientation of the layer has a large effect on the convective heat and mass transfer. Independently of the value of the inertial effects parameter, the maximum heat and mass transfer rates occur when the layer is heated and salted form the bottom. For a given values of , , , and , the peaks of the average Nusselt and Sherwood numbers occur at given angles Φ that depends considerably upon . In addition, it was predicted that an increase of the inertial (magnetic field) effects parameter, ( ), does not affect the threshold for the onset of convection ( ≈ 0), since this latter occurs at the rest state ( 0 = 0). Thus, as the buoyancy ratio parameter increases above > the strength of the convective motion increases. An optimal heat and mass transfer rates appears when the magnetic field becomes horizontal = 0°. A 12.2% (19.9%) rise in the average Nusselt (Sherwood) number was recorded between the two inclinations, = 0° and 90°. 
